Non-systemic logging, cattle browsing and grazing with the site natural vegetation can modify tree covers in native forests and alter the quantity and quality of organic matter entering the soil and hence its overall quality. The objective of this study was to evaluate the effect of modifying tree covers by uncontrolled logging and grazing processes on soil quality, in a mature and unmanaged roble (Nothofagus obliqua (Mirb.) Blume) forest. Soil quality was evaluated under partly-closed (PC), partly-open (PO), and open (OP) forest covers, and two soil depths. The indicators used were soil organic C (SOC), potential net N mineralization (N-min), and nitrification (N-NO3), soil microbial respiration (SMR), microbial biomass C (MBC), soil aggregates, and light fraction (LF). At 0-5 cm soil depth SMR and MBC in PC cover was approximately 12% higher than in PO and OP covers. For the same soil depth N-min in PC cover was 68% and 95% higher than in PO and OP covers, respectively; and for N-NO3 PC cover was 45% higher than PO cover. OP tree cover presented a negative N-NO3 (immobilization). Dry weight for LF fraction in OP cover (labile OM) was 90% and 67% lower respect PC and PO covers, respectively (P < 0.05). The soil quality and the activity of its microbial processes were affected by alteration of tree cover, as well by the anthropic action of logging and extensive grazing, the soil in OP cover was the most affected.
INTRODUCTION
In the Biobío Region of Chile, second-growth roble (Nothofagus obliqua [Mirb.] Blume) forests have a high potential for timber production, and a series of related products such as fuelwood, particleboard, and lumber (Bergh and Promis, 2011) . However, the forests are not only used to produce fuel and building materials, but also to feed cattle (cattle grazing with natural vegetation and browse), and as shelter to protect the animals in winter. In many cases, this multiple use is not in equilibrium with the limited potential of these forest ecosystems (Altamirano and Lara, 2010) . Historically, unsustainable use of native forests has been observed, where the lack of management has predominated, the extractive patterns centered in the financial criterion, and the lack of specific regulations on the use of second growth forests for pasture (Lara et al., 2009 ). This lack of sustainable management constitutes an obstacle to the conservation of native forests, resulting in a dramatic fragmentation and, or reduction of native forests by indiscriminate logging, which together with cattle can severely impair the establishment and regeneration of natural vegetation, as well as cause soil compaction from trampling of the topsoil, and overstocking the cattle on the pastures (Lara et al., 2009; .
MATERIALS AND METHODS

Site description and characterization
The study site is located at the "Ranchillo Alto", commune Yungay (37°04' S, 71°39' W), Biobío Region, Chile (Figure 1 ), it covers approximately 653 ha. The prominent climate is warm temperate Mediterranean with a short dry season (< 4-mo), with an average annual rainfall of 3000 mm, and mean annual temperature of 13.5 °C (Rivas et al., 2009 ). The site is located on volcanic soil (Andisol) (CIREN, 1999) .
The "Ranchillo Alto" includes a large area of native forest, which is under heavy pressure from long-term and ongoing land uses that include cattle browsing and grazing with the site natural vegetation, and tree cutting for firewood, charcoal and timber. These processes strongly threaten overall biodiversity, soil quality and the very existence of the forest itself . Livestock raising is a common activity throughout the property, except for the areas with higher elevations and peaks. The state owned land that normally provides most of the animal forage is highly valued by the community since the majority of surrounding properties generally do not have the capacity to produce sufficient forage for livestock consumption throughout the year. Unfortunately, continual animal grazing also hinders the natural regeneration of trees in the more open sites, which eventually affects the quality and density of the roble stands. Intensive and illegal logging can also be found throughout the site, and a large proportion of the forest has already been disturbed and subsequently degraded . It is also possible to see large areas where the forest is relatively open, or thin, and is comprised mainly of small trees, and with patches of degraded pastures that support livestock activity .
Experimental design and sampling
The tree cover level was evaluated in January 2015, using a Solariscope (SOL300, Behling, Berlín, Germany) (Annighöfer et al., 2015) , that was placed at 1.5 m height above the ground, evaluations were done every 20 m in two parallel transects (1000 m length, 50 m spacing) with east-west orientation at each level of forest alteration . Three tree cover levels were determined: Open, partly open and partly closed (Table 1) . For soil sampling, we established a randomized complete design with three replicates (plots) randomly distributed in each tree cover level. All plots had a size of 50 × 50 m (following the recommendations of Donoso et al., 1984) , a slope ranging from 10% to 15%, a uniform aspect, and were located at similar elevations (1200 m a.s.l.) (Table 1) .
Soil samples were done in November 2015. In each plot, soil sample were taken, composed of eight random sub samples at depths of 0-5 and 5-20 cm, following the recommendations of Dube et al. (2009) . The samples were placed in polyethylene bags, were taken to the laboratory and were frozen at -7 °C, later were unfrozen, air-dried and sieved using stainless steel sieve having 2 mm apertures, and stored at 4 °C for the analyses described below.
Chemical and biological parameters
Soil organic C, N and pH analysis were performed at the soil depths of 0-5 and 5-20 cm, and measured by dry combustion (Wright and Bailey, 2001) . Soil pH was measured using a 1:2.5 mixture of soil and water (Sadzawka et al., 2006) . The soil microbial respiration (SMR) and microbial biomass C (MBC) were evaluated at the soil depths of 0-5 and 5-20 cm following the substrate-induced respiration (SIR) method described by Anderson and Domsch (1978) . Three subsamples of 10 g dry soil for each soil sample were incubated to 22 °C for 24 h, then placed in a gas-tight container suitable for CO2 headspace analysis. A concentration series of glucose amendments in liquid form to bring slightly dried soil to 60% water filled pore space (WPFS) (Linn and Doran, 1984) were added. The CO2 content was analyzed using a CO2 analyzer (LI-820, LI-COR, Lincoln, Nebraska, USA). The minimum concentration of glucose giving maximal respiratory response was added to replicate subsamples of soil, we used 5 and 10 μM g -1 dry soil for 0-5 cm and 5-20 cm depths, respectively. MBC was calculated using the Equation 
Potential net N mineralization (N-min) and nitrification (N-NO3)
Three subsamples of 5 g dry soil were used as control, and three additional subsamples were incubated at 22 °C for 10 d at 60% WPFS (Linn and Doran, 1984) , then put in a 150 mL plastic flask with 25 mL of K2SO4 (0.5 M) solution, were shake for 1 h at 180 rev·min -1
. The extract was decanted, filtered, and was analyzed by colorimetry using a UVvisible spectrophotometer (AA3, Bran+Luebbe, Norderstedt, Germany). Nessler reagent and sulfosalicylic reagent were used to determine N-mineral as ammonium and nitrate (Alef, 1995) . N-min and N-NO3 were calculated using the Equation [2] and Equation [3] (Trap et al., 2009) :
[3] where the subscripts i and f indicate concentrations measured before and after aerobic incubation, respectively, and Td indicates incubation time in days. N-min and N-NO3 were expressed as μg N·g -1 dry soil·d -1 .
Physical fractionation of SOM
The SOM fractionation analysis was performed (0-5 and 5-20 cm depths) following the method described by Feller et al. (1991) , 50 g soil was mechanically dispersed in a plastic bottle (250 mL) containing 10 glass beads (6 mm diameter) and 180 mL distilled water, and shaken at 50 cycles·min -1 for 16 h using an overhead shaker (Hie-MIX Reax 2, Heidolph, Schwabach, Germany). The disrupted soil aggregates were then wet sieved using stainless steel sieves having 212 and 53 μm apertures. The light fraction of organic matter (that were retained on the 212 μm sieve) were separated by flotation. Soil samples were sieved according to separate the following fractions: macroaggregates (> 212 μm), mesoaggregates (212-53 μm), and microaggregates (< 53 μm) (Dube et al., 2009 ). The fractions were dried at 50 °C for 48 h and weighed. The C and N contents of the light, intermediate, and heavy fractions were then measured by dry combustion (Wright and Bailey, 2001 ).
Statistical analyses
Two-way ANOVA was used to evaluate the effects of tree cover (n = 3) and soil depth (n = 2) on the dependent variables SOC, N, C/N, pH, SMR, MBC, N-min, N-NO3 (P < 0.05). Three-way ANOVA was used to evaluate the effects of tree cover (n = 3), soil depth (n = 2), and soil fraction (n = 4) on the dependent variables dry weight of soil fractions, organic C and N content in the soil fractions. 
RESULTS AND DISCUSSION
General chemical parameters
Tree cover and soil depth presented a significant effect on the SOC, N, only soil depth on the pH, and there was nonsignificant effect on the C/N ratio ( Table 2 ). There was no interaction between tree covers and depth of soil (P < 0.05). SOC in the PC tree cover was higher (7%) than in PO and OP tree covers; PO and OP tree covers did not show differences (Table 3) . SOC was higher at 0-5 cm soil depth. N content was no different between PC and PO tree covers, nor between PO and OP tree covers. N was higher at 0-5 cm soil depth. The pH was nonsignificantly different for tree cover factor, it showed moderately acidic values, and it was more acid at 0-5 cm, characteristic at soil with higher SOC (Potthast et al., 2017) .
Our SOC results were similar to those reported by , in a study of Andean and Coastal N. obliqua forests under different degradation levels in the Biobío Region of Chile. In their study, SOC in the coastal area was significantly higher (P < 0.05) in the non-degraded than in the degraded forests, and a tended to be higher under non-degraded conditions. Our results indicated that SOC and N was sensitive to the tree cover level, that can be attributed to the differences in the frequency or intensity of historical logging, cattle browsing and grazing processes in the three tree covers, where the forest with OP cover has been the most disturbed. These processes can modify the tree covers and the vegetation of the study sites. Forest degradation by deforestation, grazing, and Table 3 . Soil organic C, N, and pH for each tree cover and soil depth.
SOC (%)
PC 10.54 ± 0.42aA 7.17 ± 0.60aB PO 9.37 ± 0.48bA 6.33 ± 0.39aB OP 9.40 ± 0.51bA 6.27 ± 0.21aB N (%) PC 0.58 ± 0.03aA 0.36 ± 0.05aB PO 0.54 ± 0.05aA 0.32 ± 0.07aB OP 0.48 ± 0.05aA 0.27 ± 0.06aB pH (H2O) PC 5.9 ± 0.1aA 6.2 ± 0.1aB PO 6.0 ± 0.2aA 6.2 ± 0.2aB OP 5.8 ± 0.2aA 6.3 ± 0.2aB Tree cover 0-5 cm 5-20 cm erosion can modify soil C stock because of interactions between quantity and quality of organic residues entering the soil and their subsequent use by soil macro and microorganisms, this affects the net SOM accumulation rate Wang et al., 2017) . In our case, a higher leaf litter contribution can accumulate in the soil in the ecosystem with the largest tree cover (PC) compared to the other two smaller covers (PO and OP). Lillo et al. (2011) found similar results when comparing different tree communities in southern Chile and determined that the higher plant cover (in both tree and shrub strata) allows higher SOM accumulation. The tendency presented by our data is that higher SOC was recorded at the 0-5 cm soil depth (Table 3) ; SOC is usually closely related to larger OM content accumulated in the upper layer of the soil. Dube et al. (2009) , who studied a Nothofagus pumilio (Poepp. & Endl.) Krasser, forest in Chilean Patagonia, indicate that superficial OM was less resistant to microbial decomposition than OM in lower soil layers, therefore, contents of SOC are higher.
The soil C stocks calculated at the 0-20 cm depth were 129, 128, and 145 Mg ha -1 for OP, PO, and PC forest conditions, respectively. Our results were similar to those obtained by Huygens et al. (2005) , who reported 132 Mg SOC ha -1 in Andisols at the 0-30 cm depth in second-growth N. obliqua forests, and that indicate values for N. obliqua forests in the Biobío Region at the 0-40 cm depth for degraded, partially-degraded, and non-degraded Andean forests were 129, 117, and 176 Mg SOC ha -1 , respectively, and values for degraded, partially-degraded, and non-degraded coastal forests were 144, 134, and 162 Mg SOC ha -1 , respectively. According to , soil C calculation depends on variables such as C concentration, horizon thickness, and bulk density, all of which have their respective variations and errors.
Biological parameters
The tree cover and soil depth presented a significant effect on SMR and MBC (Table 2 ). In addition, Tree cover × Soil depth interaction was recorded (P < 0.05) (Figure 2) .
According with the Tree cover × Soil depth interaction, SMR and MBC variables did not behave in the same way in the three tree covers, and the behavior of levels of cover depends on the levels of the depth with which it is combined. The Figures 2A and 2B indicated for SMR and MBC that the simple effect of soil depth in PC cover differs from both the simple effect of soil depth in OP and PO cover, and the simple effect of soil depth in OP cover does not differ from the simple effect of soil depth in PO cover. A contrasts analysis for the interaction indicated that SMR and MBC in PC cover differ of PO and OP covers at the 0-5 cm soil depth, were approximately 12% higher.
SMR and MBC are strongly sensitive to the amount of substrate available, regarding cover probably due to the difference in the quantity and quality of substrates entering the soil (litter), and in soil depth due to the availability of substrates; the upper soil layer contains more available substrate for the microorganisms are more active, which coincides with higher SOC levels (Dube et al., 2009; Ferreras et al., 2009 ). This behavior can be attributable to the less disturbed forest conditions in the PC cover with respect to the other covers, due to a lower frequency or intensity of logging or cattle grazing in this forest . The greater number of trees and vegetation in PC cover, which may allow a greater accumulation of OM in the soil, favoring the rates of SMR and MBC. Bown et al. (2014) , studied soil respiration along a gradient of disturbances in sclerophyllous ecosystems in the Roblería del Cobre de Loncha National Reserve in central Chile; they found that the disturbances presumably decreased soil respiration rates mediated by reductions in the leaf litter layer, SOM, root biomass, and water content, especially in the hot and dry season. Wang et al. (2017) indicates that soil biota is influenced by the quality and quantity of plant material provided to the soil, and climatic characteristics that also affect microbial abundance, involved species, and its trophic composition.
The results that we obtained for MBC in the PC tree cover are very similar to values reported by Alvear et al. (2007) for the spring season in a N. obliqua forest with approximately 78% of tree cover. Our results are higher than those found by Lillo et al. (2011) for N. alpina (Poepp. & Endl.) Oerst.-N. dombeyi (Mirb.) Blume tree community in southern Chile. Our results for SMR and MBC are lower than values recorded by Dube et al. (2009) in a secondary N. pumilio forest in the Chilean Patagonia. The differences can be attributable to the different quality (chemical and physical leaf composition between deciduous and perennial trees), distribution of available substrates in different ecosystems, and different laboratory methods (Dube et al., 2009; Zagal et al., 2009) .
Potential net N mineralization (N-min) and nitrification (N-NO3)
The tree cover and soil depth had a significant effect on the N-min, and N-NO3 ( Table 2 ). The analysis showed interaction between these factors (P < 0.05) (Figure 3) .
The N-min and N-NO3 values that we determined (Figure 3) , concurred with the annual ranges reported by Rivas et al. (2009) (-3.47 to 7.98 μg N·g -1 dry soil·d -1 and -2.6 to 3.75 μg N-NO3·g -1 dry soil·d -1 ), who presented higher rates in summer and autumn at the 0-10 cm depth in a secondary N. obliqua forest in south central Chile. Our results also coincided with those found by Pérez et al. (2009) at 0-10 cm depth in Nothofagus forests in Chiloé, Chile, with maximum rates of N-min of 6.00 μg N·g -1 dry soil·d -1 in field and laboratory incubations; they also indicated that N-NO3 was approximately 50% of total N-min. The higher N content (Table 3) , coincided with higher N-min, SOC, and MBC values. This is in agreement with Rivas et al. (2009) , who indicate for two Nothofagus forests, that the higher biological activity of the soil promotes the processes of N mineralization.
The interaction Tree cover × Soil depth indicated for the N-min and N-NO3 that the effect of depth is not the same in the three tree covers (Figures 3A and 3B) . A contrasts analysis for the interaction indicated that N-min and N-NO3 presented the behavior: PC > PO > OP, in both soil depth. At the 0-5 cm soil depth N-min was 68% and 95% higher than in PO and OP covers, respectively. For the same soil depth N-NO3 in PC cover was 45% higher than the PO cover. This behavior indicated that the higher alterations of the forest, probably due to the different intensities of logging or cattle grazing and cover tree reduction, can have a negative impact on N-min and NO3, possibly due to the reduction of residues that enter the soil, and the N usable by plants and microorganisms accumulates in the organic horizons, where humification processes are most active, and markedly decreases with soil depth (Trap et al., 2009) . Pérez et al. (2009) indicate that the N mineralization processes in forest soils in Chiloé, are correlated with high soil biological activity, higher labile inorganic N content, and increased entry of fine leaf litter. In the southeastern Argentinean Patagonia, it was determined that N. antarctica (G. Forst.) Oerst. forest thinning practices for silvopasture (maintaining intermediate canopy cover values) did not affect either N-min or N-NO3. However, the lowest N-min and N-NO3 values were found in a treeless site, suggesting that the total removal of trees from the ecosystem can reduce N-min and N-NO3 (Bahamonde et al., 2013) .
We recorded negative N-min and N-NO3 values in the OP tree cover (Figure 3) . N-min and N-NO3 negative values indicate that N is not potentially available for use by plants and soil microorganisms, and indicate net immobilization. Mineralization results in an increase, while immobilization results in a decrease in the simple forms of N in the soil available to plants (Rivas et al., 2009) . Net mineralization occurs when the total amount of soluble N produced by microorganisms (gross mineralization) exceeds the total amount of soluble N consumed (gross immobilization), and consequently the inorganic N in the soil increases. When the amount of soluble N consumed is greater than the soluble N produced, the inorganic N in the soil decreases, that is, there is net immobilization (Trap et al., 2009 ). The organic matter quality (C availability in the material in relation to its available N) is the main factor that controls the equilibrium between mineralization and immobilization (Tian et al., 2017) .
Nitrogen limits plant growth in most terrestrial ecosystems; therefore, net primary production (productive capacity) can be regulated by the rates at which soil microbes transform N to make it available for plants (Tian et al., 2017) . According to our results we could infer that the alteration of the forest by uncontrolled processes of logging or cattle grazing, and the tree cover modification can affect the quantity and quality of the substrates that enter in the soil, and N dynamics. The logging reduces the amount of trees and vegetation, and overgrazing can effect regeneration processes and soil structure (Bahamonde et al., 2013; .
Physical fractionation of SOM
The soil fraction had a significant effect on the dry weight of soil fractions, and this variable presented Cover × Fraction interaction (Table 4) . Tree cover, soil depth and soil fraction had a significant effect on the organic C and N content. Organic C content presented interaction for Cover × Fraction, and Depth × Fraction. N content presented Cover × Fraction interaction (P< 0.05) ( Table 4) .
The Cover × Fraction interaction for dry weight of soil fractions indicated that this variable is sensitive to the distribution by fraction. A contrast analysis for the interaction indicated that in each covers, dry weight of soil fractions were dominated by the microaggregates, followed by mesoaggregates, macroaggregates, and finally the LF (Figure 4 A) . This is concurring with the results reported by Dube et al. (2009) for a secondary N. pumilio forest, and in a study of different degradation levels of a N. obliqua forest. A contrast analysis for the interaction indicated that the LF fraction (labile OM) in OP cover was 90 and 67% lower respect PC and PO covers, respectively. Likewise, the macroaggregates (labile OM) in OP cover was 55% lower than the PC and PO covers. This can be due to a higher contribution of leaf litter and fine roots at soil in the covers with more trees covers. Gosling et al. (2013) , using data from more than 150 experiments reported in the literature, mention that the LF is strongly influenced by factors related to the recent history of adding OM to the soil. LF is a thick and unstable OM, so that its content in the soil tends to be affected by rapid changes that is, influenced by the historical management of soil and forest (Huygens et al., 2005; Dube et al., 2009 ). The historical processes of logging and cattle grazing with possible greater frequency or intensity in OP cover, could cause less accumulation of OM in the soil, and lost in the physical protection, contributing to the loss of SOM labile (Chen et al., 2017) . Our results indicated a LF quantity between 10 and 60 g LF·kg -1 dry soil ( Figure 4A ), these values concur with results reported by Huygens et al. (2005) for a secondary N. obliqua forest. Gosling et al. (2013) mention the importance that amount and composition of LF organic matter could play an important role in N dynamics and C, and retention in the soil. Lower LF values in the OP cover probably contributed to lower values in SOC, MBC, N-min and N-NO3 in this tree cover.
The Cover × Fraction interaction for organic C and N content in the soil fraction indicated that these contents were sensitive to the cover level (soil use) and the frequency or intensity of logging and grazing practices (Figure 4 B and D). The interaction Depth × Fraction indicated that organic C content is sensitive to soil depth, or pedogenic or environmental characteristics between soil depths ( Figure 4C ) (Zagal et al., 2013; Chen et al., 2017) .
For the three tree covers, LF fraction presented the higher values of C and N content, followed by the mesoaggregates, microaggregates and finally the macroaggregates (Figures 4B and 4D ). This happens because LF is formed by undecomposed OM of plant origin, and in the stable fractions the OM is incorporated to the soil (Zagal et al., 2013) .
The organic C contents in the different fractions are similar to those reported by Huygens et al. (2005) for a secondary N. obliqua forest, by Dube et al. (2009) for a N. pumilio forest, and for N. obliqua forest.
CONCLUSIONS
Soil quality and microbial activity were affected by the alteration of the tree cover in Nothofagus obliqua forests, as well by the anthropic action of selective logging and extensive cattle browsing and grazing with the site natural vegetation. The soil quality indicators evaluated at 0-5 and 5-20 cm soil depths were higher in the partly-closed cover and lower in the open cover.
The alteration of tree covers showed an important variation in the different analyzed soil quality indices, particularly in N dynamics and light fraction. Differences in quality and quantity of the substrate (soil organic matter input, leaf litter accumulation), and distribution of C supply to the ecosystem, likely a result of differences in logging and grazing frequency or intensity, can explain this behavior. The light fraction was the most important measured sink for N and C in the soil aggregates. The amount and composition of the light fraction organic matter could play an important role in N and C dynamics, and retention in the soil.
The significant interactions Cover × Depth for soil microbial respiration, microbial biomass C, potential net N mineralization, and nitrification, and Cover × Fraction for dry weight of soil fractions, organic C and N content in the different soil fractions, indicated that these parameters were sensitive to the tree cover level (soil use), frequency or intensity of logging and grazing, and the pedogenic or environmental differences between soil depths.
